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Dr Patrick Bye (Piltdown) pointed out that some of the speakers from the floor seemed to be in danger of regarding science as a pernicious influence. They were confusing quality with quantity. He did not think anyone who had ever had to visit a dentist or who had had a serious illness would wish to be without any of the benefits of modern science, none of which was in itself pernicious. The quality of life was determined by the scientific discoveries and artistic developments which had occurred throughout the ages of men. It was the mere existence in quantity of the applications of these scientific discoveries which threatened our environment. One should be clear about the distinction, which was the reason why a population policy was needed. Previous speakers have discussed the biological interactions between man and animal that are involved in the increase in size and complexity of organization of animal populations. My task is to review some of the consequences, in terms of human disease, of the changes wrought by man in his own surroundings. The experience of this country during the past two centuries might well be held up as the awesome example of the effects of urbanization and industrialization on public health. Certainly, we have an unenviable record of death from chronic lung diseases like chronic bronchitis and emphysema that are associated with those two aspects of human organization. On the other hand, our medical history illustrates how man can successfully adapt to major changes in his environment and even channel the direction of these changes so that any adverse effect on health is minimized.
Man's Surroundings and His Health
The History ofLung Disease in Urban Communities 'rhe lung is the organ of the human body most susceptible to noxious elements in a changing environment so that the influence of industrial urban life on health may be most readily traced in the rise and fall of diseases affecting it. Over a hundred years ago, the study of vital statistics was an infant science being pioneered by that ill-recognized genius, Dr William Farr. Dignified by the unprepossessing title of Compiler of Abstracts, he chronicled the diseases of a society suffering the worst effects of the Industrial Revolution.
Dr Farr's report on the vital statistics ofEngland and Wales for the year 1838-9 (Registrar-General 1841) illustrates what was happening by this stage in that revolution. The demand for hands to tend the new machines had drawn thousands of ill-fed workless men and their families from the country districts of this country into the insanitary, overcrowded slums of cities like London or the industrial centres of the north. They were unsalted by previous exposure to infection and highly susceptible to diseases like tuberculosis. Table 1 is an extract from Farr's comparison of the numbers of deaths occurring in the years 1838 and 1839 among equal numbers of men and women (about 1 600 000) living either in country districts of Cornwall, Somerset and similar areas of England or in metropolitan London. Consumption (or tuberculosis of the lung) caused nearly half of the excess deaths among the Londoners while the much higher London rates of pneumonia also underlined the risks of crossinfection then incurred by living in crowded and insanitary cities. Although obscured by these specific infections, the urban excess in mortality from diseases of the lung labelled as 'asthma' or 'bronchitis' heralded the dangers of air pollution that were to become more apparent as the tide of infection began to recede.
The high rate of infection in towns of that time resulted in part from the closer aggregation of the human herd by the urban packing of larger populations into smaller areas. Farr pointed out how the death rate was roughly proportional to the density of population per acre; and such packing certainly increased the risk of transfer of infection. Crowding within the home was probably at least as important; and the large young family of Victorian times, living in a small illventilated house, set the stage for the tragic (Brimblecombe et al. 1958) . Fo the general improvement in the standarc and the cult of the small family have b ciated with a steady downward trend 4 the death rate from tuberculosis over t of a hundred years. (It is salutary to most of this decline was achieved loI effective antibiotic therapy was availab the medical profession can claim litt credit.) In the same way, and probabl same reasons, the death rate from 'b declined markedly.
The Emergence ofAir Pollution as a Factor in Lung Disease
This history of a hundred years is thus encouragement and a warning. It is enc that, though urbanization and industr bring added risks both from the specific i fevers and from diseases of the lung i specific organism has been isolated, the 4 benefits of industrialization may count increasing congestion of urban life. At time, as Dr Allison inferred (p 32), the tion of the most susceptible stocks immunological adaptation of the survi helped to bring down the epidemic wav as in scarlet fever, the parasite may adapting to its host by mutating to a less virulent form.
The warning against complacency is inherent in the relatively high rates of death from bronchitis among the men and women in working-class families and the urban-rural gradient in the death rate from bronchitis that have prevailed in this country in the present century. That warning of RESP. TS the continuing effects of environment on the lung went largely unheeded until the Great Smog of 1952. In that episode, a temperature inversion put a blanket of warm air over a London which was busily stoking up thousands of inefficient domestic coal grates. Levels of air pollution BRONCHITIS mounted quickly and about 4000 people died.
Nor were those all elderly respiratory cripples with little time to live, for the young as well as the old were affected and there was no compensatory fall in deaths in the following winter. The significant point about this unnecessary 40, 47 tragedy was that it could have been anticipated. Indeed, it had been precisely predicted by Firket (1936) who remarked that a repetition of what happened in the Meuse Valley in 1930 in a population of the size of London would result in 4000 deaths. More than that, this episode was novel only in its size, for London, Glasgow and ly by the Manchester had all experienced similar events but onditions, on a much smaller scale. On the other hand, there tic crowdwas then little interest among hospital clinicians ory infecin a therapeutically unrewarding disease. Not a rtunately, single article appeared on the subject in either of d of living the two major medical weeklies in the year of the teen asso-Great Smog. The moral of this melancholy tale is (Fig 1) in that we must devise and operate effective means he period of monitoring changes in morbidity if we are to note that remain free from the effects of environmental ng before hazards, new and old. le so that le of the Smoking and Other Problems Iy for the in Monitoring ironchitis' Monitoring for the acute effects of major environmental pathogens is relatively easy. The detection of smaller effects of prolonged exposure to low levels of pollution of one kind or another is much more difficult, particularly as in recent decades, s both an when cigarette smoking has displaced infection couraging as the major factor in chronic lung disease. The *ialization problem can be illustrated by the effort that went infectious into the accumulation and interpretation of eviwhere no dence on the effects of air pollution in this country economic in the report of the Royal College of Physicians teract the Committee on Air Pollution and Health (Royal the same College of Physicians 1970). Taking the lung as eliminathe organ of the body most likely to be sensitive and the to toxic elements in the air we breathe, one might ivors also expect variation in exposure to such pollutants to re. Again, be most obvious in terms of sickness or death itself be from either chronic obstructive lung disease or cancer of the lung. Unfortunately, in the first of these diseases we are dealing with end results of the action of many environmental and other influences; while in both, and particularly in lung cancer, cigarette smoking can be of such overwhelming importance that it obliterates the results of other causative or aggravating factors in the disease. Thus it is fairly easy to demonstrate, as in Fig 2, that the downward trend in bronchitis during the hundred years from 1850, which I have suggested was the result of general improvement in living standards, was completely contrary to the upward trend of coal combustion the major source of pollution in that time. On the other hand, the check in the fall in mortality among women and the upward turn in male mortality followed, after a time lag or incubation period, the steep rise in cigarette consumption since the beginning of World War I. Similarly, recent history viewed in greater detail tends to confirm that cigarette consumption (then a mainly masculine habit) fitted much more sensibly the upward swing in the male excess in mortality from bronchitis than did the consumption of either petrol or diesel engine fuel. Useful as such vital statistical pointers are, the detection and measurement of the more subtle effects of chronic exposure to urban air pollution requires the conduct of special morbidity surveys. Typical of these is a study by Dr Lambert and myself that involved the interrogation of a representative sample of the United Kingdom population between the ages of 35 and 64 years (Lambert & Reid 1970) . The results (Fig 3) certainly show a consistent rise, in both smokers and non-smokers, in the frequency of symptoms of chronic bronchitis in step with increasing levels of air pollution in the area in which they lived. But the effect of smoking is very much greater than the presumptive effect of local air pollution in as far as we could measure it. Of special significance from the viewpoint of public health is the fact that the difference between the sickness rates in different areas is much greater in smokers than non-smokers. Smoking has, so to speak, magnified the effect of air pollution. The possibility of noxious agents interacting in this way to increase the risk of sickness and death must be of special concern when assessing their separate and joint contribution.
Another approach is by the examination of a particularly susceptible group in the population, i.e. the children. Among those under the age of 11 years, few except the most precocious have begun to smoke so that the obscuring influence of cigarette smoking does not complicate the picture. In a survey of children in areas differing widely in levels of air pollution, Dr Colley and I found (Colley & Reid 1970) a clear correlation between the frequency of symptoms of bronchitis and poor lung function in these children and the air pollution of their place of residence. Here the possible joint effect of pollution and social circumstances was suggested by the finding, seen in Fig 4, of the greatest urban-rural differences among the children of working class families, in relatively heavily polluted cities like Newcastle and Bolton.
These and similar studies are concerned primarily with general air pollution by the consumption of fuel largely for domestic purposes. The industrial revolution has, of course, brought new chemical or physical hazards to workpeople in factories involved; and these have been expressed in new diseases like asbestosis or beryllosis. It is significant, perhaps, that these new diseases make little impact outside the place of work and that the numerically important morbid effects of industrialization in the population as a whole have been in the increased frequency and severity of old diseases like tuberculosis, bronchitis and emphysema. Their detection is an urgent and special problem in industrial health. Vigilance over the trends in morbidity and mortality from the major lung disorders in the population at large is of greater national importance.
The Balance ofRisks There is, to my mind, no simple answer to the problems of pollution and population change in relation to health. It is entirely a question of balance of gains and costs; and an intelligent democracy must exercise its right of choice in the light of the best information it can be given. Thus coal smoke kills; but without coal, cold can kill too. Farr remarked on deaths among the aged in homes where: 'If the cold that freezes water in their chamber do not freeze their blood, it impedes respiration and life ceases when the blood heat has sunk a few degrees below the standard.' Even in modem Memphis, Tennessee, the death rates from both respiratory and arteriosclerotic heart disease are affected by cold weather (Rogot & Blackwelder 1970) . If this be the situation in the cocooned life of modern America, how much worse must it have been several decades ago when Amundsen remarked that he prepared himself for the rigours of the Antarctic by spending a winter in a British bedroom! Whatever the reason, the Americans seem to know better than we how to have the conveniences and comforts of urban life without paying a penalty in terms of high death rates from chronic lung disease, although their use of oil rather than coal must have helped. Our current investigations of the fate of British and Norwegian migrants to the United States shows that the death rate from chronic lung disease among British migrants now living in USA falls to that of the native-born American and thus to a level far below that of the stay-at-home in Britain (Reid et al. 1966) . Surely this can give us hope that by changing our use of fuels and by better housing, we in this country can both have our urban cake and eat it too.
Conclusion I would suggest that we digest the lesson of the past hundred and fifty years. Packing a growing population into crowded slums where people readily exchanged pathogenic organisms either through the water supply or the air certainly led to devastating epidemics. But they were controlled by sewage works, water supplies and better standards of diet and housing as well as by immunization and medical care. The last fifteen years have shown what public action achieved by the Clean Air Act to improve the quality of life and to protect people's lungs from the effluent of domestic coal fires. On the other hand, our earlier failure to act to prevent disasters like the Great Smog of 1952 rubs in the lesson that immunity can be bought only by a constant watch on the indices of health in the community.
We cannot turn the economic clock back. Those who wish to retreat to a croft in the Highlands to get back to the 'Good Old Days' should read the social history of the eighteenth and nineteenth centuries in that area. They will find that my ancestors were far too often cold, hungry and very sick. A peat fire in a cottage may look and smell romantic but it was not very warm and certainly polluted the domestic atmosphere. Of course, change means facing fresh and as yet unknown risks. But if living standards for the bulk of our people are to be improved such changes must be made. The duty of the medical, scientific and engineering professions is to ensure that any risks to health are anticipated and measured so that we do not have to pay too high a price in terms of disease for the material benefits that these changes can bring.
